Abstract Polymorphous low grade adenocarcinoma (PLGA) is a tumor of minor salivary glands that exhibits considerable morphologic overlap with adenoid cystic carcinoma and cellular pleomorphic adenoma, especially in small biopsy specimens. Unlike these other tumor types. PLGAs do not harbor a myoepithelial component, yet their frequent positivity for p63 diminishes the usefulness of this particular myoepithelial marker as a discriminating immunostain. p40 is an antibody that recognizes DNp63, a p63 isoform that is more specific for true myoepithelial differentiation. As such, p40 immunostaining could help distinguish PLGAs from adenoid cystic carcinomas and pleomorphic adenomas. In this study, p63 and p40 immunohistochemistry was performed on paraffin embedded, formalin fixed tissue from 11 PLGAs, 101 adenoid cystic carcinomas, and 31 pleomorphic adenomas. All 11 PLGAs (100 %) were positive for p63 but completely negative for p40. Among adenoid cystic carcinomas, 91 of 101 (90 %) were positive for p63 and 90/101 (89 %) were positive for p40. The single discordant p63?/p40-adenoid cystic carcinoma exhibited solid architecture and high grade features not typically seen in PLGA. Among pleomorphic adenomas, 21/31 (68 %) were positive for p63 and 13/31 (42 %) were positive for p40. For the pleomorphic adenomas, the discordant p63?/p40-staining pattern was seen only in the overtly mesenchymal chondromyxoid stroma. The cellular epithelial component of the pleomorphic adenomas demonstrated concordant p63?/p40? or p63-/p40-immunophenotypes. PLGA consistently exhibits a p63?/p40-immunophenotype that can help distinguish it from adenoid cystic carcinoma and cellular pleomorphic adenoma, tumors that characteristically demonstrate concordant p63 and p40 immunostaining patterns. A p63/p40 immunohistochemical panel can provide a valuable tool for making the distinction between these morphologically similar but clinically divergent entities.
Background
Polymorphous low grade adenocarcinoma (PLGA) is a tumor that almost exclusively affects minor salivary glands and comprises the third most common malignant salivary gland tumor in the oral cavity [1] [2] [3] [4] [5] [6] [7] . Although PLGAs have many distinctive features, including optically clear chromatin and a targetoid pattern of perineural invasion, the architectural heterogeneity that their name reflects can create a diagnostic dilemma for pathologists. PLGAs can demonstrate multiple patterns of growth including solid, trabecular, glandular, cribriform, fascicular, cord-like, and papillary configurations [1] [2] [3] [4] 8] . As such, they exhibit considerable morphologic overlap with other salivary neoplasms, especially adenoid cystic carcinoma and cellular pleomorphic adenomas [1, 2] .
Because of the considerable difference in prognosis, treatment, and follow up for these three neoplasms, there is a clinical imperative to accurately distinguish PLGAs from these two mimickers. However, while many immunohistochemical stains (e.g., c-kit, Ki-67, glial fibrillary acidic protein, CD43, S100, bcl-2, etc.) have been used to aid in this differential diagnosis, none of them distinguishes these tumors in a consistently reliable manner [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] .
A potential basis for differentiating these three lesions is the fact that pleomorphic adenomas and adenoid cystic carcinomas harbor a prominent myoepithelial component, while PLGAs show no compelling immunohistochemical or ultrastructural evidence of true myoepithelial differentiation [21] [22] [23] . p63 is an immunohistochemical marker that is normally expressed in the basal layer of stratified epithelium, myoepithelial cells, and neoplasms that derive from these epithelia [24] . However, p63 has proven surprisingly unhelpful in distinguishing between PLGA, adenoid cystic carcinoma, and pleomorphic adenoma, as it often shows strong and diffuse positivity in PLGA despite its lack of myoepithelial differentiation [23, 25, 26] . Similar aberrant p63 immunolabeling has been seen in lung adenocarcinomas, soft tissue neoplasms, and lymphomas [27] [28] [29] [30] . Recently, the antibody to p40, an isotype of p63, has emerged as a more specific marker of basal and myoepithelial cell differentiation [29] [30] [31] [32] . Consequently, it is possible that p40 might also prove more useful than p63 for differentiating PLGA from adenoid cystic carcinoma and pleomorphic adenoma.
Materials and Methods
Formalin fixed and paraffin embedded tissue blocks from 143 salivary gland tumors were retrieved from the Surgical Pathology archives of The Johns Hopkins Hospital. These cases included 11 PLGAs, 101 adenoid cystic carcinomas, and 31 pleomorphic adenomas. Eight of the PLGAs were stained on whole sections, while the remaining 135 tumors were evaluated using previously constructed tissue microarrays. The tissue microarrays included three or four 1 mm punches from different areas of the tumors to address the issue of tumor heterogeneity.
Immunohistochemistry for p63 (4A4; BioCare Medical, Concord CA) and p40 (BC28, BioCare Medical, Concord CA) was performed on five-micron tissue sections. Antigen retrieval was completed using high pH buffer, followed by primary antibody incubation for 32 min. The samples were then stained using a Ventana BenchMark ULTRA automated stainer and an ultraView detection system according to manufacturer's instructions (Ventana Medical Systems Inc. Tucson, AZ). Any nuclear positivity was regarded as positive.
Results
The results are summarized in Table 1 . Consistent with previous reports, all 11 PLGAs (100 %) demonstrated nuclear positivity for p63, usually in a diffuse manner. All 11 of these PLGAs also demonstrated a complete lack of staining for p40 (0 %). Accordingly, 11 of 11 (100 %) PLGAs in this study can be described as having a discordant p63?/p40-immunophenotype (Fig. 1a-c) .
Among adenoid cystic carcinomas, 91 of 101 tumors (90 %) showed nuclear positivity for p63. In addition, 90 of 101 (89 %) adenoid cystic carcinomas were also positive for p40 ( Fig. 1d-f ). Both the p63 and p40 staining in these tumors often demonstrated a peripheral (abluminal) labeling pattern, with staining in myoepithelial cells but not ductal cells. There was only 1 of 101 (1 %) adenoid cystic carcinomas that demonstrated rare p63? tumor cells in the absence of p40? tumor cells (Fig. 2a-c) . This tumor had solid architecture and high grade histologic features including numerous mitotic figures and necrosis. The adenoid cystic carcinomas that were negative for both p63 and p40 were also solid and high grade.
Among pleomorphic adenomas, 21 of 31 tumors (68 %) demonstrated positivity for p63 while 13 of 31 (42 %) pleomorphic adenomas also stained positive for p40 ( Fig. 1g-i) . As in adenoid cystic carcinomas, the p63 and p40 staining often demonstrated a peripheral (myoepithelial cell) pattern. There were 8 of 31 (26 %) pleomorphic adenomas that demonstrated a p63?/p40-phenotype. In these discordant tumors, the nuclear p63 staining was seen in cells in well-developed chondromyxoid stroma (Fig. 2d-f) . All of the cellular ductal components of the pleomorphic adenomas demonstrated concordant p63?/p40? or p63-/p40-immunophenotypes.
Overall, among PLGAs, adenoid cystic carcinomas, and pleomorphic adenomas, a p40 negative immunophenotype was 100 % sensitive and 78 % specific for PLGA in itself. When both p63 and p40 staining patterns were considered in these same tumors, a discordant p63?/p40-immunophenotype was 100 % sensitive and 93 % specific for PLGA. If defining only cellular ductal epithelium staining as positive, the p63?/p40-immunophenotype was 100 % sensitive and 99 % specific for PLGA within this differential diagnosis (see Table 2 ).
Discussion
While polymorphous low grade adenocarcinoma has distinctive cytological features and a characteristic appearance of perineural invasion, its heterogeneous architecture can make for a difficult differential diagnosis with adenoid cystic carcinoma and cellular pleomorphic adenoma [1, 2] . This problem is particularly pronounced on small biopsy specimens, where specific features of all three lesions may be absent or obscured. Indeed, recent consult series have reported that correct initial diagnosis of PLGA is made in as few as 22 to 43 % of cases [33, 34] . Furthermore, correctly differentiating these tumors at biopsy can have implications for surgical management. PLGA requires wider resection than pleomorphic adenoma, whereas adenoid cystic carcinoma can sometimes warrant elective neck dissection, a procedure which is not indicated in PLGA [35] .
Because of the difficulty and importance of distinguishing PLGA from adenoid cystic carcinoma and pleomorphic adenoma, many previous studies have investigated ways to definitively separate these lesions. One useful point of differentiation reported by Skalova et al. [36] and Vargas et al. [37] is the fact that adenoid cystic carcinomas have a significantly higher Ki-67 index than PLGAs, although other investigators have found exceptions to this trend [38] . In another promising finding, Penner et al. [15] and Epivatianos et al. [20] noted diffuse c-kit positivity in adenoid cystic carcinomas and negativity in PLGAs, but other groups found no difference in c-kit expression between these tumors [14] . Likewise, Gnepp et al. [9] and Curran et al. [12, 19] have noted glial fibrillary acidic protein to cross react with mesenchymal stroma in pleomorphic adenomas and not PLGAs, while other reports have described positivity in both neoplasms [8] . Additionally, Woo et al. [17] reported that CD43 is more strongly expressed in adenoid cystic carcinoma than PLGA, a finding that has not yet been confirmed by other investigators. Unfortunately, other immunostains, including S100 and bcl-2, have not consistently helped differentiate PLGA from either adenoid cystic carcinoma or pleomorphic adenoma [13, 18, 39] . p63, an immunohistochemical stain that highlights basal and myoepithelial differentiation, has never routinely been used to distinguish between PLGA, adenoid cystic carcinoma, and pleomorphic adenoma because all three lesions are frequently positive for this marker [23, 25, 26] . However, while pleomorphic adenomas and adenoid cystic carcinomas have proven myoepithelial differentiation consistent with this staining pattern, no true myoepithelial component has been identified in PLGAs [21] [22] [23] . As such, the p63 staining in PLGAs appears likely to represent aberrant expression of the TAp63 isoform similar to that seen in lung adenocarcinomas, soft tissue tumors, and lymphomas, raising the possibility that a more myoepithelial-specific antibody may be able to distinguish these lesions. The antibody p40, specific for the DNp63 isotype of p63, has previously proven more specific for squamous and myoepithelial differentiation in tumors of other anatomic sites [29] [30] [31] [32] .
Examining 143 salivary tumors, we confirmed previous reports of p63 positivity in PLGA. For the first time, we also established that PLGA demonstrates uniform p40 negativity, consistent with a lack of true myoepithelial differentiation in PLGA. However, p40 negativity was only 78 % specific for PLGA and does not provide an optimal discriminatory immunostain by itself. While most adenoid cystic carcinomas and pleomorphic adenomas were p40 positive, some stained negatively for both p63 and p40, a problem that could be compounded by limited sampling. In contrast, a combined p63/p40 panel better differentiated these lesions. Regardless of positivity or negativity, adenoid cystic carcinomas and pleomorphic adenomas generally demonstrated a concordant p63/p40 immunophenotype. Consequently, a discordant p63?/p40-immunophenotype provided 93 % specificity for identifying PLGA.
It is important to note that rare adenoid cystic carcinomas and pleomorphic adenomas can demonstrate a p63?/ p40-immunophenotype. However, the tumors that showed this immunophenotypic overlap in the cases in this study were not those that presented pronounced morphologic concordance with PLGA. Indeed, the single adenoid cystic carcinoma that was p63?/p40-not only had solid architecture that is atypical for PLGAs, but also demonstrated high grade histologic features that should effectively rule out a PLGA diagnosis. Moreover, all eight p63?/p40-pleomorphic adenomas demonstrated the p63 staining only in cells in the overtly mesenchymal areas. Fig. 2 The few adenoid cystic carcinomas and pleomorphic adenomas that demonstrated a discordant p63?/p40-immunophenotype did not show significant morphologic overlap with polymorphous low grade adenocarcinoma. One adenoid cystic carcinoma with high-grade cytology and solid architecture (a) showed focal positivity for p63 (b) but complete negativity for p40 (c). In the overt chondromyxoid stroma of eight pleomorphic adenomas (d), diffuse positivity for p63 (e) and complete negativity for p40 (f) was seen Indeed, while PLGA may exhibit some myxoid features, the well-developed chondroid and myxochondroid zones of pleomorphic adenoma are not seen [1, 2] . In neoplastic cellular ductal epithelium, the morphologically significant area of overlap between these three tumors, the p63?/ p40-immunophenotype was 99 % specific for PLGA. In summary, p40 immunostaining is a valuable new tool for distinguishing salivary gland tumors with true myoepithelial differentiation from those showing nonspecific p63 expression. When these immunostains are performed in tandem, a discordant p63?/p40-immunophenotype can reliably distinguish PLGA from both adenoid cystic carcinoma and pleomorphic adenoma, which generally show p63/p40 concordance. An unexpected p63?/p40-pattern can occur in high grade adenoid cystic carcinoma and the mesenchymal chondromyxoid component of pleomorphic adenomas. However, in most cases of morphologic overlap, a p63/p40 immunohistochemical panel can provide a useful adjunct for making the distinction between these clinically divergent entities.
